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ENERGY CONSERVATION OPPORTUNITIES
FOR RESIDENTIAL BUILDINGS
Dr. Jerold W. Jones
The University of Texas
Austin, Texas

Abstract
Residential energy use represents 22% of our national energy con
sumption. A number of recent studies have indicated that this use
could be reduced by 30% without adversely affecting occupant com
fort or convenience. Thus, there is increasing emphasis on the
implementation of conservation measures in the residential sector.
However, the majority of homeowners are still unable to confidently
determine which of the many conservation options available will
provide a reasonable return on their investment and significantly
reduce their energy consumption. Consumers have been confronted
with criticism for the use of small electric appliances at one
extreme and overzealous promises as to the effectiveness of some
building products at the other. The intent of this paper is to
discuss the components of residential energy use and the opportun
ities for energy conservation in such a way as to alleviate some of
the confusion.
1.

In two recent studies Hirst

INTRODUCTION

of 3.6% per year for demographic and eco
nomic reasons.

widespread acceptance of major energy

rate of 1.5% per year to a maximum of 2.5%

size of the average home. This growth
trend has slowed in the past several years

per year if fuel prices stabilize at their
(3)
1975 levels. These studies and others

because of the relatively high saturation

also project that a vigorous conservation

of many appliances and a dramatic increase

program could reduce the residential con

However, the present

sumption growth rate, resulting in a

housing stock of 70 million units is ex

savings of 25% to 40% in the year 2000.

pected to increase to from 100 to 110

Such savings would have a significant im

Addi

pact on our national energy requirements.

tionally, consumer expectations will con

In a more immediate sense conservation is

tinue to increase the saturation levels
of some appliances.

He projects that growth

will more likely range from the 1970-74

using appliances and to an increase in the

million units in the next 25 years.

projects

lower than the historic trend (1950-1975)

This increase is

attributable both to the introduction and

in energy costs.

'

that this growth will be significantly

Per household energy use increased by 50%
between 1950 and 1970.

(1 2)

the only real means the consumer has to

Thus continued growth

moderate the impact of rising energy costs

of energy consumption can be expected in

Therefore residential energy conservation

the residential sector.

provides both an immediate appeal to
696

Table 1
RESIDENTIAL ENERGY USE IN MIDWESTERN U.S.
South
on site

primary*

30%
22%
23%
25%

14%
11%
36%
39%

Heating
Water Heating
Air Cond.
Lighting &
Appliances

Central_________________ North
primary*
on site
on site
primary*
60%
17%
6%
17%

63%
18%
4%
15%

40%
12%
13%
35%

45%
13%
8%
34%

187
172
156
Total (MBtu/ft2/year)
*Primary energy consumption includes the generation and transmission losses
associated with electric energy.
consumers and a long-term national benefit.

These figures are presented as a realizable

In considering the energy conservation

range of savings.

options available it is important to

depend on both the thermal characteristics

choose those which will be of real value

of a particular home and its geographic

in a particular circumstance.

location.

The initial

cost of a conservation action and the

2.

savings in operating costs which it may
provide must be balanced.

2.1

Actual savings will

CONSERVATION ACTIVITIES

STRUCTURE

To accomplish

this balance, the pattern of energy use in

In the case of the building structure, the

a home must be determined.

factors of major importance relate to im

Table 1 gives

typical energy use distributions for a

proving thermal characteristics, reducing

single-family dwelling in three midwest

infiltration, and improving solar control.

locations:

However, the value of each and the way it

ern.

southern, central, and north-

The house contains 1600 ft

2

is approached must be geared to specific

and is

equipped with gas heating and water

climatic conditions.

heating and typical electrical appliances,

creased insulation will reduce energy con

As an example, in

including a dishwasher, dryer, and central

sumption, but on an incremental cost basis.

air conditioning.

Levels beyond HUD's new Minimum Property

In each case the above

data indicate that approximately half of

Standards should be considered in colder

the energy consumption is related to

climates.

heating and cooling.

hand, is much more important in warmer

Solar control, on the other

climates where air conditioning represents
In discussing residential conservation

a significant portion of the energy con

options, it is useful to categorize them

sumption.

in terms of structure, equipment, and
operation.

Double glazing presents another

exaitiple of structure thermal improvement

As a general summary, the fol

which requires careful economic analysis.

lowing savings relative to preconservation
construction and operation might be ex

2.2

EQUIPMENT

pected :

The major energy savings in the equipment

Structure:

12% to 18%

will result from eliminating the use of

Equipment:

10% to 12%

the pilot light and using unconditioned air

Operation:

10% to 15%

for combustion in gas-fired equipment and

Total:

from improved performance of air condi

30+ %

tioning units and appliances.
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Pilot light

consumption typically ranges from 8% to

residential conservation opportunities as

10% of total furnace consumption to over

follows:

50% for a gas range-oven combination.

In

Location

Annual Energy Savings

a home with gas appliances, pilot light

North Central

39%

consumption typically represents 10% to

Mid-Atlantic

36%

Southwest

38%

12% of the annual use of natural gas.

A

saving of 10% to 20% is possible in water
Each of these studies includes improvements

heating with increased insulation and
improved performance.

in the three basic areas of structure,

It is anticipated

equipment, and operation, but none was

that modifications of refrigerators can

based on extreme measures or on action re

reduce their energy consumption by 30% to
50%.

quiring considerable discomfort or incon

High efficiency air conditioning

venience to the home occupant.

equipment is now available with EER's of

Although

the distribution of savings among energy

9 as opposed to the EER's of 4 to 6 typi

using functions varied with climatic

cal of presently installed equipment.

region,.the total percent savings are
2.3

OPERATION

surprisingly uniform.

These studies lead

Operational changes may prove to be both

to the firm conclusion that substantial

the least expensive and the most effective

reductions in per unit energy consumption

single factor in residential energy con

are possible in the residential sector and

servation.

should be pursued vigorously.

They may also be the most

directly related to occupant living habits

3.

A CASE STUDY

and thus perhaps difficult to effect.
As an example the results of conservation

However, continuously rising energy costs

opportunities for a 1600 ft

seem to have made consumers more willing
These changes relate

computer to model the energy use of the
house.

set-back, and shutting off of setting back

ards and is described in detail in Refer

As an

ence 6.

example, a 5°F night set-back will reduce

The home is a single story, 4-

bedroom home with attached garage.

heating energy consumption by 5% to 10%

does not have a basement.

In a specific case

It

It was assumed

that the home was occupied by two adults

in a warm climate, a combination of 70°F

and three children.

heating season setting and 78°F cooling

Table 2 indicates the

assumptions made as to energy requirements

season setting will reduce heating and

for appliances and water heating.

air conditioning energy consumption by 28%

The re

sults of the analysis were compared with

as compared to a constant 75°F set point.

billed utility data for the home over a

An additional 5°F night set-back will

4-year period to determine if the results

reduce the annual heating energy required

provided a reasonably accurate picture of

for the same home by 25%.

use.
In summary, various studies

The computer program, NBSLD, was

developed by the National Bureau of Stand

heating and cooling equipment during hours

depending on climate.

These

results were obtained by using a digital

to seasonal thermostat settings, night

when the building is unoccupied.

house in

Austin, Texas, will be reviewed.

to make modest changes which will effect
substantial savings.

2

based on

The results of this comparison are

illustrated in figures 1 and 2.

The re

conservation opportunities for an average

sults were also checked against a sample

single-family residence have indicated

of 85 homes that were similarly equipped
698

Kilowatt Hours/Month

2650
2400

..

2150

-•

1900

..

1650

-•

1400

••

1150
900

-■

650
400 -2

4

6

8

io

12

Month of Year
Figure 1

Thousand Cubic Feet of Gas/Month

ELECTRIC ENERGY CONSUMPTION OF MODEL RESIDENCE

Figure 2
GAS ENERGY USE OF MODEL RESIDENCE
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Table 2
SUMMARY OF MONTHLY LIGHTING AND APPLIANCE ENERGY USE
Gas

Electric
Refrigerator
Dishwasher
TV (color, solid state)
Clothes Washfer
Dryer
Range and Oven
Lighting
Miscellaneous
Water Heating

140
30
50
10
100.

kwh/mo
kwh/mo
kwh/mo
kwh/mo
kwh/mo
700 ft3/mo

190 kwh/mo
60 kwh/mo
2600 ft3/mo
580 kwh/mo

3300 ft3/mo

by examining utility billings for 2 years.

(1) R19* in the ceiling and Rll** in the

Although there was considerable variation

walls,

in consumption for a given month over the

lation in the walls, and (3) no insulation

4 years, the model results followed the

in either ceiling or walls.

average consumption trend quite well.

of these variations are shown by the data

This comparison certainly does not provide

in table 3 indicating peak hour and sea

a precise verification of the model, but

sonal variation and the amount of change of

it does clearly indicate that the model

total annual energy consumption for each

follows seasonal trends with reasonable

case.

accuracy.

levels shown makes a significant differ

3.1

ence.

STRUCTURE

(2) Rll in the ceiling and no insu
The results

As indicated, insulation to the
The savings in the heating season

are greater than in the cooling season
The characteristics of the structure con

because of the larger average temperature

sidered were as follows:

difference.

In fact, the insulated case

(1)

Insulation

(2)

Infiltration

(3)

Glass

(4)

Orientation and shading

by using outside air for cooling during

(5)

Thermal mass

these periods.

required more energy for cooling in April
and October than the uninsulated case.
This higher load could, however, be offset

Each of these factors will be discussed

It was also determined that

briefly.

insulation in excess of Rll in the walls
would provide very little additional

3.1.1

savings in the Austin area.

Insulation

Three levels of insulation were considered:
Table 3
INSULATION
Thermal Resistance
Ceiling
Wall
R19
Rll
0

Rll
0
0

Design Conditions:

Heatinq Btu
Peak Hr
Season
21,300
28,900
41,300
Cooling:
Heating:

Cooling Btu
Peak Hr

Annual Btu

Season

16.4x10®
25.6x10®
44.0x10®

32,100
45.7x10®
62.1x10®
35,600
46.9x10®
72.5x10®
39,900
51.1x10®
95.1x10®
100°F maximum dry bulb with a 20°F daily temperature range
28°F minimum dry bulb, 12 mph wind velocity

*Approximately six inches of fiberglass.
**Approximately 3 1/2 inches of fiberglass.
700

3.1.2

the walls included 17% single glazing.

Infiltration

Infiltration is the hardest factor to
quantify.

The effects of reducing the percentage to

The considerable amount of re

10%, increasing it to 25%, or double-

search on this problem conducted in the

glazing the 17% were evaluated.

The re

past 2 years is difficult to apply to the

sults are tabulated in table 5.

It is

present study.

difficult to discuss the merits of more or

The NBSLD program takes

into account variations in wind speed and

less glass independently of aesthetic con

temperature differential. However, the
equation used has a fixed coefficient and

siderations and possible interactions with
lighting requirements. However, these
results clearly indicate that excessive

is insensitive to some of the factors
which influence infiltration. An effort
was made to give some weight to the hourly
and seasonal variations which would be

amounts of glass should be avoided.

Double

expected to occur by adding an infiltra

glazing provided the largest saving in the
winter, but the reduced percentage was
best for the summer and on an annual basis.

tion term which could be scheduled. Three
cases were again considered— "tight,"

The double glazing provided a 12% overall
energy saving even for the mild climatic

"average," and "loose" construction--to

conditions of this study.

attempt to look at a reasonable range of

must be remembered that double glazing

variation.

increases initial costs significantly.

area.

More study is needed in this

The results obtained are presented

3.1.4

However, it

Orientation and External Shading

in table 4 .
As noted previously, the majority of the
3.1.3

Glass

windows in the base case home had east or

Both the amount and type of glass used
will influence the energy flux through a

west exposure and were assumed to be un

building enclosure.

stantially reduced the peak cooling load

shaded.

For the model home

A 90° rotation of the home sub

Table 4
INFILTRATION
Infiltration Rate,
Air Change/Hr*

Cooling Btu

Heating Btu
Peak Hr

Season

Peak Hr

Annual Btu

Season

53.6x10®
40.9x10®
29,500
12.7x10®
62.1x10®
45.7x10®
32,100
16.4xl06
69.5x10®
49.9xl06
34,100
19.4xl06
c|AT|,
was
used
in
the
calculation
of
a
+
bV
+
*The Achenbach-Coblentz Formula, I =
infiltration rates.

Tight (.1 to .4)
Average (.2 to .6)
Loose (.5 to .9)

18,200
21,300
24,400

Table 5
GLASS
Glazing

Cooling Btu
Season
Peak Hr

Heating Btu
Season
Peak Hr

Annual Btu

52.0x10®
37.7x10®
26,900
14.3x10®
Single, 10%
18,000
62.1x10®
45.7x10®
32,100
16.4x10®
21,300
17%
71.0x10®
52.8x10®
37,400
18.2x10®
24,700
25 %
55.0x10®
42.9x10®
28,600
12.1x10®
17,200
Double, 17%
NOTE: Both the single and double glazing used 1/8" double-strength sheet glass.
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Table 6
ORIENTATION AND SHADING
Cooling Btu
Peak Hr
Season
32,100
45.7x10®
26,800
44.5x10°

Major Exposure
East and West
North and South

Annual Btu
62.1x10®
60.9x10®

Shadinq
East and West
as indicated in table 6.

24,300

42.6x10®

However, it .had

59.0x10®

veneer made little difference.

The calcu

a relatively small influence (3%) on the

lated peak cooling load for a brick home

seasonal energy consumption.

was slightly lower, but there was virtually

External

shading of the east and west windows, on

no difference in energy requirements over

the other hand, had a greater impact on

the season.

roth the peak cooling load and the season
al energy requirement. It should also be

veneer, the differences would be expected

If a brick and block wall were

to be used instead of frame with brick

noted that shading and orientation may

to be greater.

interact. For instance, in Austin, at 30°
north latitude, south windows and walls

between the brick veneer and frame con

can be substantially shaded for the entire

that in a well-insulated home only about

The lack of difference

struction is best explained by the fact

cooling season by a modest roof overhang.

10% of the energy flux is through the

Such a design would still allow some solar

walls.

heating of the south exposure during the

mass of this one component will have rela

v;inter months.

tively little effect on the overall heat
gain or loss.

Shading of east and west

exposures, however, is not as easily
achieved.

Energy conservative designs

3.2

must give careful consideration to both
factors.

Thus, any variation in the thermal

OPERATION

The factors which influence energy use and

It also should be pointed out

that shading of exterior surfaces is more

which may be categorized as operational are

effective than using drapes or blinds on
the inside.

attic ventilation.

3.1.5

thermostat set point, appliance use, and
The first two can have

a significant influence on residential
energy requirements.

Thermal Mass

Residential frame construction has rela
tively little thermal mass.

3.2.1

The calcula

Thermostat Set Point

Two types of variation in control were con
sidered: a constant seasonal set point and

tions made in this study indicated that
whether the exterior was wood or brick

a resetting during unoccupied hours or at
Table 7
THERMOSTAT SET POINT
H e a t i n g _____
Peak Hr
Season
21,300

16.4x10®

75°

24,600

23.9x10®

'J
CO
o

o

o

Set Point

Unoccupied Hrs 85°
Night Set-back 65°

Cooling
Peak Hr
Season
—

______

34,400

55.6x10'

—

—

32,100

45.7x10

—

—

35,100

30 .3x1 o'

22,400

12.0x10®
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______

__

night.

Table 7 summarizes the effects of

various seasonal set points. The data
clearly show the advantage of this con

ceiling represents less than 10% of the
daily load for the summer design day.
Thus,

even

servation option, indicating a 28% annual

in

reduction in heating and cooling energy.

e ffe c t

Setting the thermostat up to 85° for 8
hours a day, 5 days a week during the

3.3
I t

cooling season decreased the air-condi

a ttic

te m p e ra tu re

on

was

th e

h o u s e h o ld

third but increased the peak load by about

m a tio n

10%.

o f

la rg e

w ill

to ta l

re d u c tio n

have

lit t le

lo a d .

b ra n d s

may, in some cases, require additional

tio n

cooling system capacity.

w id e ly

Heating season night set-back increases

in

to

and

v a ria tio n s

m o d e ls .

in

th e

in fo rm a 

o f

th e

H o w e ve r,

in d ic a te d

a p p lia n c e s

th is

s p e c ific

e ffic ie n c y

a p p lia n c e s .

a v a ila b le

fo r

fin d

e n e rg y

s ig n ific a n t

verse effect on utility system demand and

The

th e

d iffic u lt

on

tioning energy consumption by almost a

the peak heating load by only 5%.

r e la tiv e ly

EQUIPMENT EFFICIENCY AND TYPE

tio n

The increased peak may have an ad

a

usual

th e

th e

in fo r 

p o s s ib ility

among

v a rio u s

The

m o n th ly

was

fo u n d

to

o f

homes

c o n s id e re d

s a m p le

consum p
v a ry

s tu d y .

The efficiency of the heating and air-

overall heating energy savings calculated

conditioning equipment will have a signifi

for the heating season amounted to approx

cant effect on the amount of energy

imately 35%. No additional capacity would
be required in this case as heating sys

required for heating and cooling.

tems in the Austin area are invariably

an energy efficiency ratio (EER) of less

At pre

sent some existing air conditioners have

oversized.

than 4, while some of the new high-effi

3.2.2

ciency units have EER values as high as 9.

Appliance Use

The use of high-efficiency systems would

The main impact of increased lighting and

dramatically reduce energy consumption, as

appliance use in a residence is on the

indicated by the data of table 8. Simi
larly, proper design and maintenance of

direct energy consumption rather than on
the cooling or heating load. However,
there is some interaction with the cooling
load.

gas-warmed air furnaces can provide mean
ingful savings.

The effects of a 50% increase in

energy requirement for a standard unit to

lighting use and a 25% increase in appli

that for a unit with improved efficiency.

ance energy are reflected in a 4% increase

Possible variation in heat pump energy

in cooling energy and a 30% increase in

requirements are also indicated.

appliance energy.
3.2.3

4.

Attic Ventilation
The

Attic ventilation is meant to imply circu
lation of outside air through the attic
space alone.

fo r

to rs

this way, attic ventilation was found to

th ro u g h

case,

nal

a w e ll-in s u la te d
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s h a d in g

in
of

h e re

p ro v id e s

s ig n ific a n t
e x is t

fin d in g

by

hom es.

in s u la tio n

load if the ceiling was well insulated.
flu x

T h is

p o s s ib le

to have little effect on the total cooling

th a t

in
is

in
The
as

th e
th e

th is

th e

i t

is

not

p re su m e s

c e ilin g

and

w in d o w s ,

re s i
best

v a rio u s

a n a ly s is

f ir s t

a c le a r

o p p o rtu n itie s

A u s tin
p e rh a p s

c o m b in in g

c o n s id e re d

s a m p le

reduce attic temperatures signficantly but

e n e rg y

p re s e n te d

illu s tra te d

When defined in

CONCLUSIONS

c o n s e rv a tio n

dences.

tional circulation of outside air through

The

s tu d y

in d ic a tio n

It does not include addi

the conditioned space.

Table 8 compares the

at

in to
th e

it

tw o

w o rst

le a s t

some

but

fa c 

R ll

in te r

Table 8
VARIATIONS IN HEATING AND AIR-CONDITIONING EQUIPMENT EFFICIENCY
Efficiency
Gas Warm-Air Furnace
Gas Warm-Air Furnace
Gas Warm-Air Furnace
with Automatic Ignition
Electric Air Conditioning

Heat Pump

Heating
Mcf/yr

n;
10

Btu/yr

50%
65%

42
34

420
340

65%
-

26

260

EER

Cooling
kwh/yr
10" Btu/yr

_

_

_

“

“

“

-

5.5
6
8

-

COP

kwh/yr

10® Btu/yr

EER

8300
7600
5700
kwh/yr

2.0
2.7

2400
1700

262
185

6
8

7600
5700

-

-

~

-

-

-

-

-

905
828
621
10® Btu/yr
828
621

♦Tabular values for 10® Btu in this table have been converted as :
follows:
Electric = No. kwh x 10440 Btu/kwh
(1 - 0.042)
Gas

= No. ft3 x 980 Btu/ft2
(1 - 0 . 02 )

The second represents an energy "conser

represents a "typical" wasteful residence.

The contrast between the two types of
homes is rather startling, as illustrated

vative" home where a reasonable effort to

by table 9.

reduce energy consumption has been made in

annual energy consumption with conserva

design, construction, and operation.

tion.

Most

There is 56% decrease in

When this difference in energy is

of the conservation features have been

translated into dollars and cents at cur

included, with the exception of double
glazing and a variation in the daytime

rent utility rates, the financial savings
are also significant. Thus, conservation

inside temperature during the cooling

pays dividends in terms of both preserving

season.

energy resources and reducing the cost of
Table 9
ENERGY CONSUMPTION IN TWO HOMES (1600 ft )
kwh/yr_____ Mcf/yr__________kwh/yr
Appliances
Lights
Water Heating
Space Heating
Air Conditioning
Total
Annual Consumption
adjusted for generation and transmission efficiency

7200
4200

18

4200
1800

Mcf/yr
12
24
25i

41
85*
4700-rF

13,100**
24,500

144

10,700

61

110 Thousand
Btu/ft /yr

252 Thousand
Btu/ft V y r

*Based on a calculated annual heating
seasonal heating efficiency of 50%.
**Based on a calculated annual cooling
EER equal to 5.
tBased on a calculated annual heating
seasonal efficiency of 65%.
t+Based on a calculated annual cooling
EER equal to 8.
704

load of 37.5x10® Btu and a
load of 65.3x10® Btu and an
load of 12.6x10® Btu and a
load of 37.9x10® Btu and an

A lth o u g h
on

th e

p a rtic u la r s

c o n d itio n s

re g io n
h e re ,

w o u ld

in

s im ila ritie s

r e s u lt
s ib le
in

is
and

th e

s im p ly

cost

fro m
in

i t

o f

a

th a t

s tu d y

m ost

can

make

m a in ta in in g

of

is

be

in

and

pos
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